Three macrocyclic polylactones have been isolated from Penicillium verruculosum. Twowere found to be novel and the third to be identical with NG-0121*. Their structures were elucidated by spectroscopic and chemical methods. A full assignment of JH-and 13C-resonances in acetone-d6 are given for all three compounds.The compoundsshowantifungal activity.
and -C were isolated by EtOAc extraction followed by reversed phase chromatography as described in the experimental part. Twenty fermentation flasks yielded 128, 52 and 28mg of BK223-A, -B and -C, respectively.
Characterization and Structure
The physical and chemical properties recorded for BK223-A, -B and -C are presented in Table 1 , and the XHand 13C NMRdata are listed in Tables 2 and 3 , respectively.
Comparison of the three metabolites by UV, IR, NMRand MSshowed that the compounds were structurally closely related. 1H-1H-and^-^C-correlation spectroscopy revealed that each of the three metabolites was composed of two identical 2,4-hydroxylated aromatic acids and three C4-hydroxy acid units. Given the molecular compositions, as determined by HR-LSIMS,in conjunction with 13C NMR data, the connections between the five units had to be ester linkages. By alkaline hydrolysis followed by derivatization with bis(trimethylsilyl)trifluoroacetamid (BSTFA), the C4-hydroxy acids were identified as their trimethylsilyl derivatives by GC/MS. BK223-A and -B both yielded two equivalents of 3-hydroxybutyric acid and one 3,4-dihydroxybutyric acid, whereas BK223-C, in accordance with the molecular composition showing one less oxygen, yielded only 3-hydroxybutyric acid. The aromatic acid component was isolated from the hydrolysis mixture by acidification, extraction and subsequent reversed phase HPLC. The compound was identified as (3i?)-3,4-dihydro-6,8-dihydroxy-3-methyl-isocoumarin by comparison of its spectral and physical data with literature values40. The lactone is formed from the corresponding hydroxy acid during the acidic work-up. The C4-fragments and the aromatic units could be joined by observing long range^-^C-couplings to carbonyl carbon atoms from a-and /^-protons in the same unit and from protons in neighbouring units across the oxygen atom in the ester linkages. Additional long range correlations from the side chain protons (H2-C8 and H2-C26) to carbon atoms in the aromatic nuclei (C2, C6 and C7 and C20, C24 and C25, respectively) in combination with correlations within the aromatic systems, support the structures 1, 2 and 3 for BK223-A, -B and -C, respectively. The observed correlations allow the full assignment of the 1H-and 13C-resonances, as given in Tables 2 and 3 . The NMR-techniques used include the COLOC-experiment and selective INEPTexperiments together with^-detected 1H-13C-correlation experiments (HMQC/ HMBC). The structures for the three compoundsare shownin Fig. 1 . The suggested structural difference between 1 and 2 is in accordance with the HMBC-data; H2-C14 in 2 show correlation to the Cl 5 carbonyl group (170.70 ppm), whereas no such correlation is observed for 1.
Acetylation of 1 and 2 yielded the corresponding pentaacetates (LSIMS MH+873), la and 2a, respectively. The *H NMRspectra of the derivatives (la) and (2a) confirm the positions of the free hydroxy groups, i.e. show the expected downfleld shifts for the protons attached to the carbon atom bearing the hydroxyl group: the methylene protons at C14 in 1 at S3.66 appear in la at <54.08~4.37 (AS -0.42 and -0.71), and the methine proton attached to C13 in 2 at S4.23 shifts downfleld in 2a to <55.34 (AS -1.ll). The^-signals in the 3,4-dihydroxybutyric acid residues of la and 2a, that is H2-C12, H-C13 and H2-C14, are easily assigned from the 1H-1H-COSYspectra as shown in Fig. 2 . As expected the chemical shifts for la and 2a are in this part of the molecule very close, since both hydroxy groups carry an acyl group and only steric factors contribute to the chemical shift differences between la and 2a. The complete XHNMRdata for the derivatives are given in the experimental part. The absolute configuration of C3 in all the 3-hydroxybutyric acid residues was determined to be R by acid catalyzed ethanolysis, derivatization with (S)-phenylethylisocyanate followed by GC-separation of the diastereomers5). The absolute configuration of the 3,4-dihydroxybutyric acid residues in BK223-A(1) During the preparation of this manuscript Mizoue et alX) published the structures of two novel potentiators of nerve growth factor. The compounds were isolated from Penicillium verruculosum F-4542 and designated NG-01 1 and NG-012. The overall structure of NG-012 is identical to the one we propose for BK223-A. BK223-Aand BK223-B differ in being regioisomers, where NG-01 1 is an epimer ofNG-012. Hence, both BK223-B and -C seem to be novel.
Biological
Activities The in vitro growth inhibitory effect against a selection of important plant pathogenic fungi was examined for 1, 2 and 3. The results are summarized in Table 4 (see Experimental for definition of activities). 1 and 2 have similar spectra of activity, but with 1 being more potent than 2. 3 showed somewhat lower specific activity than both 1 and 2, but with a broader spectrum of activity. The cytotoxic properties of 1, 2 and 3 were determined in a mouse peritoneal macrophage assay and showed IC50 values for cellular ATP(viability) and chemiluminescence (phagocytosis) to be: 1, 2.5 and 2.0^g/ml; 2, 6 and 6^g/ml; 3, both <10/xg/ml. Experimental General Analytical HPLCwas carried out using a Waters 600E gradient pump, a Waters 994 photo diode array detector and a Waters 700 WISPautosarnpler and using the Maximasoftware for system control and data handling. For preparative HPLCGilson 305/306 master/slave pumps and a Pye Unicam LC3 UV-detector was used. Optical rotations were measured on a Perkin-Elmer 241 polarimeter. Mass spectra were obtained using an VG70-250SEinstrument (VG Analytical), using cesium ion bombardment at 12 kV and detecting positive ions. 2-Hydroxyethyl disulfide was used as matrix. Gas chromatography-mass spectrometry (GC/MS) was carried out on a system consisting of a HP5890 Series II gas chromatograph directly coupled to a JEOLJMS-AX505W mass spectrometer. The GC-columnwas an HP Ultra 2; oven program: 100°C for 1 minute, 100~170°C at 15°C/minute, 170~275°C at 10°C/minute, 275°'c for 14 minutes. Identifications were done using the NIST library and in the case of 3-hydroxybutyric acid confirmed by running the authentic sample for confirmation of retention time and mass spectrum. NMR-spectra were obtained on a Bruker AC300P instrument equipped with a^-^C-dual probe operating at 300.13 and 75.47MHz for XH and 13C, respectively.
All spectra were recorded at 297K.
-detected experiments were performed using the probe with conventional geometry. Solvent peaks (7.27 ppm (1H) and 77.00ppm (13C)) were used for scaling spectra recorded in chloroform-^. TMSwas used for spectra acquired in acetone-tff6. YPG-1 agar prepared by mixing 4.0g yeast extract, 1.0g KH2PO4, 0.1 g MgSO4à"7H2O, 15g glucose, 20g Bacto (Difco) agar and adding distilled water to 1 liter. The substrate was autoclaved at 121°C for 40 minutes. The slants were incubated at 25°C for 7 days or longer.
Surface Cultivation
Penicillium verruculosum IMI 352119 was grown in Erlenmeyer flasks (500ml) containing 100ml of YESagar. The medium contained the following ingredients: yeast extract (2%), sucrose (15%), agar (2%), CuSO4and ZnSO4(5 ppmand 10 ppm, respectively). The substrate was autoclaved at 121°C for 40 minutes. One drop of spores was used to inoculate each flask. The flasks were incubated at 25°C for 14 days. The extraction of the metabolites was performed by addition of methanol (200ml per flask) and shaking at 18°C overnight. The extract was centrifuged and the supernatant processed as described below.
Submerged Cultivation
For submerged fermentation the substrate was prepared by mixing 20 g yeast extract (Difco), 150 g sucrose, 1 ml trace metal solution (8.9 g ZnSO4à"7H2O and 3.9 g CuSO4à"5H2O dissolved in 500ml distilled water) and adding distilled water to 1 liter. The pH was adjusted to 6.4 using 4m HC1 and the substrate was autoclaved at 12PC for 20 minutes. Each Erlenmeyer flask (500ml) containing 100ml substrate was inoculated with approx 106 spores from a YPG-1 agar slant. The flasks were shaken (230rpm) for 7 days at 25°C. The mycelium was separated by centrifugation and extracted with ethanol (100ml per flask).
Isolation of Metabolites
The methanolic extract (3.5 liters centrifugate) from 20 surface fermentation flasks was concentrated under reduced pressure to 50 ml. After addition of 200 ml of water, the aqueous phase was extracted three times with 100ml portions of EtOAc. The organic phases were combined and dried by freezing (-18°C over night). The separated ice was removed by filtration. Evaporation to dryness yielded 2g of a dark brownextract.
The primary extract was subjected to reversed phase HPLC (LiChroPrep  RP18 15 Rechromatography of Fraction III in the same system yielded pure 3 as an amorphous glass (18 mg). The compounds 1 and 2 were purified to homogeneity by further HPLCseparation of Fractions I and II (LiChroPrep RP18 7 /mi, 10 x 250 mm, isocratic 57% acetonitrile buffered with 0.01 % TFA, 1.5 ml/minute, detected by UVabsorption at 225 and 300nm). Both 1 and 2 were obtained as amorphous foam (128 and 52 mg, respectively). The purity of the compounds was checked by analytical HPLCwith the following conditions: Column: LiChroSorb RP18 250x4.6mm (10/im); Eluent A: 30% acetonitril (0.05% TFA), Eluent B: 100% acetonitril (0.05% TFA). Linear gradient from 0% B to 75% B over 15 minutes, flowrate 1.5ml/minute. Detection by UV-absorbance at 210 and 300nm. The retention times for 1, 2 and 3 are ll.1, ll. 4 Pyrenophora teres (where no strain number is given the isolate belongs to the NovoNordisk A/S strain collection, Copenhagen).* The test organisms were transferred to potato dextrose bouillon and incubated for 7 days at 25°C. The mycelium was harvested and homogenized for 10 seconds in a blender. 1 ml suspension was transferred to petri dishes, added 20ml potato dextrose agar (Difco) at 45°C and mixed thoroughly. After cooling 4mmwells were punched and 15//1 of test solutions containing various concentrations of 1, 2 and 3 dissolved in ethanol were applied to each well. The plates were incubated for three days at 25°C and the inhibition zones observed. Four levels of activity were defined: strong (+ + +), if the minimal concentration required to give a measureable inhibition zone was less than 10 /zg/ml; weak (+), if the concentration required was more than 250//g/ml and medium (+ +) for activities in between.
No activity (-) means no inhibition zone observed at concentrations less than 1,000fig/ml (1,000jug/ml was highest concentration applied).
Hydrolysis and Derivatization for GC/MS-analysis Trimethylsilyl Derivatives 1mg of 1 was dissolved in 3ml of 50% aqueous MeOHand treated for 20 hours with 1ml of Amberlite IRA-904 (OH~) anion resin at room temperature. The resin was filtered off and washed twice with 2ml 1 m acetic acid and MeOH. The nitrate and washings were combined and evaporated to dryness in a vacuumcentrifuged. The sample for GC/MSanalysis was prepared by treating the residue with BSTFA in a closed vial for 10 minutes at 100°C and diluting with DMF.GC/MS-conditions as described above. The sample was heated in a closed vial to 100°C for 15 hours. After cooling to room temperature 500 /xl distilled water and 500 /d saturated aqueous NaCl was added followed by extraction three times with 1 ml portions of ether. The combined organic phases were washed with saturated aqueous NaHCO3(1 ml) and saturated aqueous NaCl (1 ml). The ether phase was dried by filtration through a layer of anhydrous MgSO4in a pasteur pipette and the solvent removed in a stream of nitrogen. The residue was added 10 /xl (£)-phenylethylisocyanate and heated to 125°C for 5 hours. The mixture was dissolved in 2 ml dichloromethane for GC-analysis (column HP-4, 50 m x 0.25 mm, carrier gas H2 (40 m/second), temperature 220°C).
Isolation of (3i?)-3 ,4-Dihydro-6,8-dihydroxy-3-methyl-isocoumarin 10mg 1 was hydrolyzed in 0.5m aqueous NaOHfor 20 hours under nitrogen in a closed vial at room temperature. After acidifying with 4m aqueous HC1the solution was extracted twice with 2ml portions of EtOAc. The extract was dried (Na2SO4) and evaporated in a stream of nitrogen. Acetylation of BK223-A (1) to la 3.6mg 1 was dissolved in 0.5ml of pyridine and added 0.3ml acetic anhydride under cooling in ice bath. After two hours at room temperature excess reagent was destroyed by addition of 1 ml of crushed ice and acidification with 4 msulfuric acid. After stirring for 10 minutes, the mixture was extracted twice with 2ml portions of dichloromethane. The combined extracts were washed with 2 x 1 ml 2m H2SO4, 1 ml H2O and 1 ml saturated aqueous NaHCO3and dried (Na2SO4). The solvent was evaporated and the product purified by preparative TLC (Merck silica, 20 x 20cm, 2mm layer) using chloroform-MeOH (50: 1) as eluent, to give 2.1mg of the pentaacetate (la) as an amorphous solid, LSIMS 873 (MH+ 
